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Introduction
Laparoscopic approaches for inguinal hernia, including transabdominal preperitoneal repair (TAPP) and the totally extraperitoneal approach, are effective and widely accepted in elective inguinal hernioplasty. In comparison with the open approach, the laparoscopic approach has an equivalent rate of intraoperative complications, such as visceral and vascular injuries, and a lower rate of postoperative complications, such as hemorrhage and chronic neuroglial disorders (1) (2) (3) . In Japan, TAPP is performed three times more often than the totally extraperitoneal approach (4) .
The estimated probability of inguinal hernia strangulation varies from 0.29% to 2.9% (5) , and strangulated hernias are the second most common cause of small bowel obstruction (6) . Strangulated hernia in an emergency setting represents a unique surgical challenge, regardless of the approach used. Patients with strangulated hernias are often extremely elderly and have multiple comorbidities that increase their operative risk. Therefore, minimally invasive surgeries are preferred. However, given the scarcity of data on TAPP in cases of strangulated hernia (7) (8) (9) (10) (11) , its effectiveness and safety have not yet been determined.
In the present study, we evaluated the feasibility and safety of TAPP for strangulated inguinal hernia compared with conventional open surgery. One of the concerns with TAPP for strangulated hernia is the safe reduction of the hernia contents; we also present an effective technique to resolve this issue, which we have called the orifice first approach (OFA).
Materials and Methods

Patient selection
We performed a retrospective review of the records of patients who had undergone inguinal hernia repair from January 2010 to August 2016 (a period of 79 months) in the Department of Surgery, Nippon Medical School Chiba Hokusoh Hospital. Our institution introduced TAPP for elective hernioplasty in March 2012 and expanded the indication to include emergency settings after the stabilization of the procedure in January 2013. Our current contraindications for TAPP for strangulated inguinal hernia are severe pulmonary dysfunction incompatible with general anesthesia, severe intestinal dilatation, intestinal perforation, unavailability of experienced surgeons, and cases with a history of prostatectomy.
During the study period, a consecutive series of 33 patients underwent surgery for acute strangulated inguinal hernia with suspected visceral ischemic damage. They were evaluated by contrast-enhanced CT scan and then were treated by either TAPP (TAPP group: n = 11) or conventional open hernioplasty via the anterior approach (anterior group: n = 22). All were included in this retrospective study. Chronic irreducible hernia cases without visceral ischemic damage and cases with a preoperative diagnosis of intestinal perforation were excluded. Data on patient demographics, type of hernia, duration of surgery, operative blood loss, type of hernioplasty, intestinal perforation and resection, postoperative complications, and length of postoperative hospital stay were collected.
Surgical procedures TAPP
With the patient under general anesthesia, a 12-mm trocar for a 5-mm flexible scope was introduced transumbilically using the open method. The abdomen was insufflated with carbon dioxide at a pressure of 8-10 mmHg. Two additional 5-mm operative trocars were placed on the right and left sides of the Rectus abdominis muscle at the level of the umbilicus, respectively, to allow convenient triangulation toward the lower abdomen. The first step of the procedure comprised exploration of the inguinal-crural region and evaluation of the incarcerated organs. In the early period of this study, the strangulated organs were gently retracted with forceps and pulled into the abdominal cavity (e.g. the mesentery was gently grasped in cases of bowel incarceration); external manual compression was simultaneously applied from the scrotum through the inguinal canal to aid in reduction and to retract the incarcerated contents. If the hernia remained irreducible, an incision of at least 5 mm was made at the 12 o'clock position, and the hernial orifice was enlarged in a ventral direction using laparoscopic coagulation shears (SonoSurge; Olympus Medical, Tokyo, Japan). The direction of the orifice incision minimized the risk of injury to the spermatic cord and the epigastric and femoral vessels. The tissue pad (opposite the active blade) of the laparoscopic coagulation shears was placed in the gap between the incarcerated organ and the hernial orifice to achieve effective orifice cutting with minimal cavitation damage to the incarcerated organ. In all cases with additional orifice cutting, the incarcerated organs were easily retracted. However, we experienced some cases of minor incarcerated tissue injuries during initial retraction (without orifice cutting) due to tight fixation, edema, and fragility. Therefore, we changed the procedure in the later cases, and instead, incision and enlargement of the hernial orifice were attempted initially, followed by retraction of incarcerated tissue. This was referred to as the OFA (Figure 1 ). After the introduction of the OFA, no tissue injuries were encountered, and the time required for retractions was dramatically reduced.
Prosthesis mesh repair is a standard procedure in our department, as long as there is no obvious intestinal fluid contamination in the preperitoneal inguinal space. The parietal peritoneum was incised from the external side to the medial side of the myopectineal orifice. The sac was then reduced with the exposure of the preperitoneal space, pubic tubercle, and Cooper's ligament. Parietalization of the spermatic cord and vessels was achieved. Then, 3D MAX™ Light Mesh (C. R. Bard, Murray Hill, USA) was inserted into the abdominal cavity via the 12-mm port. The mesh was fixed medially to the pubic tubercle and Cooper's ligament and along the superior margin of the prepared space away from the epigastric vessels with AbsorbaTack™ (Covidien, New Haven, USA). No tacks were used on the inferior margin of the mesh to avoid nerve entrapment and vascular injury. The peritoneum was then closed with continuous suturing. Visceral resection was necessary in some cases, depending on the vitality of the strangulated organs. The resection was performed either intraperitoneally (for the omentum or the appendix) or extraperitoneally (for the ileum). In extraperitoneal cases, the umbilical port site was enlarged to 3 cm for removal of the resected organs and completion of the anastomosis. All TAPP surgeries were performed or supervised by one experienced surgeon (first author).
Conventional open hernioplasty
A 5-8-cm inguinal skin incision was made to enable exploration of the inguinal canal. After the hernial sac was opened, the incarcerated organs were evaluated. If the incarcerated organs were irreducible into the peritoneal cavity from the inguinal site or if intestinal resection and anastomosis were required because of irreversible ischemic damage, an additional middlelower abdominal incision was made for laparotomy to reduce and resect the strangulated organs. Inguinal hernias were repaired using either the Lichtenstein repair with or without a mesh plug or the preperitoneal mesh repair (e.g. Kugel Patch [C.R. Bard]), according to the surgeon's preference. Femoral hernias were repaired using preperitoneal mesh or the McVay repair.
End-points and follow-up
The primary end-points of this study were the shortterm outcomes, including postoperative morbidity, mortality, and postoperative hospital stay. Patients were surveyed daily until they were discharged from the hospital and in the outpatient department during the first 30 days after surgery.
Ethical considerations
This study was conducted in accordance with the Declaration of Helsinki. The study protocol was approved by the Ethics Committee of Nippon Medical School Chiba Hokusoh Hospital (approval no. 564). Written informed consent was obtained from all included patients.
Statistical analysis
Continuous data are expressed as median AE SD. The two-tailed Student's t-test and Mann-Whitney U-test were used to compare continuous variables, and the χ 2 test and Fisher's exact test were used to compare discrete variables. A P-value <0.05 was considered statistically significant. All statistical analyses were performed with EZR (Saitama Medical Center, Jichi Medical University), which is a graphical user interface for R version 3.1.0 (R Foundation for Statistical Computing, Vienna, Austria).
Results
The clinical characteristics of patients in both groups are shown in Table 1 . There were no significant differences between the TAPP and the anterior groups in age and sex (76.0 AE 11.6 vs 71.5 AE 16.6 years old, P = 0.158; 55% vs 64% men, P = 0.714). The distribution of hernia classifications was similar in both groups. However, recurrent cases occurred only in the TAPP group (n = 2).
Surgical outcomes of both groups are shown in Table 2 . Simultaneous repair of contralateral side hernias was performed only in the TAPP group (n = 2). The TAPP group had a significantly longer surgical duration than the anterior group (147 AE 50 vs 84 AE 57 min, P = 0.043) and less blood loss. Incision and enlargement of the hernial orifice was performed in the last 7 of the 11 TAPP cases. Only one case in the anterior group was performed without a mesh prosthesis (McVay procedure for femoral hernia). There was no significant difference in the proportion of cases requiring intestinal resection and anastomosis between the TAPP and anterior groups (45% vs 27%, P = 0.437). In the analyses of primary end-points, the morbidity was similar in TAPP and anterior groups (18% vs 23%, P = 1.000). However, the TAPP group had a significantly shorter postoperative hospital stay (7 AE 4 vs 10 AE 7 days, P = 0.012). No mortality or recurrence was encountered in either group.
Discussion
Emergency laparoscopic hernioplasty with intestinal resection was first reported by Watson et al. in 1993 (12) . There is no worldwide consensus regarding laparoscopic surgery for emergency inguinal hernias. The European Hernia Society guidelines recommend emergency surgery only for incarcerated hernia, without any mention of a specific surgical approach (13) . The International Endohernia Society states that TAPP for incarcerated and strangulated inguinal hernia results in similar complication and recurrence rates as uncomplicated hernia cases; it has also indicated that TAPP has an advantage over the anterior approach in assessing bowel viability and reducing the frequency of bowel resection (14) . The society also states that TAPP for incarcerated hernia should be performed only by surgeons with extensive experience in the technique (14) . The Japan Hernia Society states that laparoscopic hernioplasty by experienced surgeons should be considered in cases of incarcerated inguinal hernia. Given that emergency surgery is technically challenging, TAPP for incarcerated inguinal hernia requires a particularly thorough assessment of the patient's condition and the clinician's laparoscopic surgical skills. Therefore, we applied TAPP repair for strangulated inguinal hernia after overcoming a learning curve (1 year of experience with adequate stabilization of procedures).
TAPP for incarcerated inguinal hernia has several benefits compared with the open approach. Firstly, both the intraabdominal and extracorporeal approaches for incarcerated organ reduction are available. Reduction under visualization of the incarcerated organ gives a feeling of security. However, a critical disadvantage of TAPP is the difficulty in appropriately retracting the incarcerated organ. We experienced some initial cases of minor incarcerated intestinal trauma caused by the metallic forceps during retraction due to the concentration of retraction force at one tight point. To compensate for this potential disadvantage of TAPP, we introduced the orifice incision as an essential procedure to reduce the strangulation pressure. Although creating the orifice incision involves the risk of injury to blood vessels, nerves, and strangulated organs, our delicate orifice incision procedure using the laparoscopic coagulation shears seems to be safe and effective; no actual adverse events were incurred. This implies that incising the orifice via the OFA was superior to other reduction procedures. Secondly, TAPP has the advantage of enabling assessment of incarcerated organ viability in real time until the end of surgery, which can prevent unnecessary organ resection and delayed intestinal perforation (in cases of preservation of incarcerated intestine). Thirdly, when intestinal resection (and anastomosis) is required, it is possible to perform this procedure extracorporeally through the enlarged umbilical port site after completion of the hernia repair with closure of the preperitoneal inguinal space. This wound separation from the inguinal area allows for prosthesis usage for the hernia repair with minimal bacterial contamination. However, it should be noted that prosthesis (15) . We did not experience obvious intra-abdominal contamination in the TAPP group, although 5 of 11 cases required intestinal resection without intestinal perforation; mesh repair was applied in all cases. There have been no cases of mesh infection so far. Our strategy for mesh repair is supported by previous studies that have reported the safety of mesh repair in combination with prophylactic antibiotic therapy in patients undergoing strangulated hernia repair with organ resection (without obvious intraabdominal contamination) (16) (17) (18) . Although overall morbidity did not significantly differ between the groups, it is noteworthy that superficial surgical-site infection was observed only in the anterior group (10% of patients) probably due to the shorter incision length of TAPP. Given that superficial surgicalsite infection is a common and major cause of longer hospital stay in patients who have undergone emergency hernia surgery, TAPP seems to be superior to the anterior approach in terms of minimizing postoperative pain, enabling a quicker return to usual activities, and reducing surgical-site infection.
In conclusion, the present findings demonstrated that TAPP for strangulated inguinal hernia is at least comparable to the anterior approach with regard to short-term outcomes. However, sufficient knowledge of anatomy and expertise in reducing the strangulated organs are required. Further randomized controlled trials are needed to confirm the superiority of the TAPP over the anterior approach.
